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(57) Disclosed is a method for improving system ca- 
pacity without compromising soft handoff by optimizing 
the number of communication links used in soft handoff. 
The number of communication links used in soft handoff 
are optimized by minimizing the number of base stations 
in the active sets based on signal characteristics of as- 
sociated communication links. By minimizing the 
number of base stations in the active sets, the number 
of traffic channels reserved for soft handoffs may be re- 
duced since less traffic channels would be needed for 
soft handoffs, thereby increasing system capacity by in- 
creasing the number of available traffic channels for as- 
signment to mobile-telephones in non-soft handoff situ- 
ations. 
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Description 

BACKGROUND OF THE RELATED ART 

[0001] Soft handoffs are one of the greatest advan- 
tages of Code Division Multiple Access (CDMA) tech- 
nology over other multiple access technologies being 
used for wireless communication systems because of 
the smooth and seamless transition provided to mobile- 
telephones traversing from one cell to another cell. Gen- 
erally, handoffs involve handling calls by a progression 
of base stations to keep the calls active as the mobile- 
telephones traverse from one cell to another cell. One 
type of handoff, referred to herein as soft handoff, is a 
state in which a mobile-telephone maintains simultane- 
ous communication links with multiple base stations. 
[0002] In wireless communication systems based on 
the well-known IS-95 standard for CDMA, a soft handoff 
occurs in the following manner. A mobile-telephone ini- 
tiates a call via a primary base station, which is the base 
station in communication with and in control of call 
processing for the mobile-telephone. The primary base 
station is a part of a set of base stations referred to as 
an "active set," which are base stations with which the 
mobile-telephone is in communication. The active set 
includes the primary base station and, perhaps, one or 
more secondary base stations, wherein the secondary 
base stations are base stations in communication with 
but not in control of call processing for the mobile-tele- 
phone. When the call is first initiated, the active set in- 
cludes only the primary base station. 
[0003] After the call has been established, the mobile- 
telephone continuously measures signal quality of pilot 
signals transmitted from base stations which are likely 
candidates for a handoff. Such base stations are re- 
ferred to herein as neighbor base stations, which are a 
part of a set of base stations referred to as a "neighbor 
set." Soft handoff is initiated when a pilot signal trans- 
mitted from a neighbor base station is detected with a 
signal quality exceeding a threshold T_aDD. Such 
neighbor base station with a pilot signal quality exceed- 
ing T_ADD becomes a candidate for the active set, and 
is referred to herein as a candidate base station (which 
is a part of a "candidate set" of base stations), wherein 
the threshold T_ADD indicates that traffic channels as- 
sociated with the base station with a pilot signal quality 
above the threshold T_ADD could be successfully de- 
modulated by the mobile-telephone. When a candidate 
base station is detected, the mobile-telephone transmits 
a pilot signal quality measurement message to the pri- 
mary base station to indicate the measured pilot signal 
quality. 

[0004] The candidate base station becomes a sec- 
ondary base station and, thus, part of the active set, 
when the mobile-telephone processes a Handoff Direc- 
tion Message transmitted from the primary base station 
listing the candidate base station. Once in the active set, 
the mobile-telephone may be in the soft handoff state 
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and in communication with the secondary base station, 
i.e., former candidate base station. That is, in soft hand- 
off, the active set base stations transmit the same infor- 
mation signal to the mobile-station and receive the same 
5 information signal from the mobile-station (although the 
information signal may be modulated with a different 
Walsh code). 

[0005] The problem with soft handoff is that a pool of 
traffic channels need to be reserved at each base station 
to for possible use in soft handoff. For example, an IS-95 
based CDMA base station has a total of sixty-four com- 
munication channels. Of the sixty-four communication 
channels, fifty-five are traffic channels. Of the fifty-five 
traffic channels, sixteen traffic channels are reserved for 
is use in soft handoffs. In other words, only thirty-nine traf- 
fic channels are available at any IS-95 based CDMA 
base station for assignment to mobile-telephones in a 
non-soft handoff situation. Thus ; system capacity is de- 
graded twenty-nine percent due to sixteen out of fifly- 

20 five traffic channels being reserved for use in soft hand- 
offs. However, if the number of traffic channels reserved 
for use in soft handoffs is reduced, then the number of 
calls being dropped as a result of mobile-telephones tra- 
versing from one cell to another cell may increase duo 

25 to traffic channels not being available for soft handoffs. 
Accordingly, there exists a need to improve system ca- 
pacity without compromising soft handoff. 

SUMMARY OF THE INVENTION 

30 

[0006] The present invention is a method for improv- 
ing system capacity without compromising soft handoff 
by optimizing the number of communication links used 
in soft handoff. The number of communication links 

35 used in soft handoff are optimized by minimizing the 
number of base stations in the active sets based on sig- 
nal characteristics of associated communication links, 
such as signal quality, signal strength and radio frequen- 
cy (RF) performance. By minimizing the number of base 

40 stations in the active sets, the number of traffic channels 
reserved for soft handoffs may be reduced since less 
traffic channels would be needed for soft handoffs, 
thereby increasing system capacity by increasing the 
number of available traffic channels for assignment to 

4 5 mobile-telephones in non-soft handoff situations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The features, aspects, and advantages of the 
50 present invention will become better understood with re- 
gard to the following description, appended claims, and 
accompanying drawings where: 

FIG. 1 is a flowchart illustrating principles of an em- 
55 bodiment of the present invention. 
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DETAILED DESCRIPTION 

[0008] The present invention is a method for improv- 
ing system capacity without compromising soft handoff 
by optimizing the number of communication links used 5 
in soft handoff, or the number of base stations in active 
sets to which mobile-telephones may be in communica- 
tion with while in a soft handoff state. The number of 
communication links are optimized by minimizing the 
number of base stations in the active sets based on sig- 
nal characteristics, such as signal quality, signal 
strength and radio frequency (RF) performance By min- 
imizing the number of base stations in the active sets, 
the number of traffic channels reserved for soft handoffs 
may be reduced since less would be needed for soft 
handoffs, thereby increasing system capacity through 
the increased number of available traffic channels for 
assignment to mobile-telephones in non-soft handoff 
situations. 

[0009] In one embodiment of the present invention, a 
set of criteria or a plurality of threshold values are uti- 
lized for purposes of -determining a maximum number 
of base stations for an active set. FIG. 1 is a flowchart 
100 illustrating principles of this embodiment of the 
present invention. In step 1010, a mobile-station is in a 
system operation state. When the mobile-station is in 
the system operation state, the mobile-station has an 
active call, the mobile-station may or may not be in a 
soft handoff state, and the active set includes a primary 
base station and zero or more secondary base stations. 
For purposes of this application, the mobile-station is in 
communication with all the base stations in the active 
set although the mobile-station may not be transmitting 
signals to all the base stations in the active set or de- 
modulating signals transmitted to the mobile-station 
from all the base stations in the active set. 
[0010] Instep 1020, the mobile-station measures sig- 
nal characteristics, such as signal quality, signal 
strength and radio frequency (RF) performance, of cur- 
rent communication links, i.e., communication links with 
the base stations in the active set. Typically, the signals 
being measured for signal characteristics are pilot sig- 
nals, although other signals may also be measured. For 
ease of illustration, the present invention will be de- 
scribed herein using signal strength and RF perform- 
ances as signal characteristics being measured. 
[0011] In step 1030, it is determined whether any 
communication links or signals transmitted from one or 
more base stations in the active set have signal 
strengths and/or RF performances measured at the mo- 
bile-station above a first set of criteria or threshold val- 
ues, wherein the first set of threshold values includes a 
first threshold value for signal strength, a first threshold 
value for RF performance and/or a first threshold value 
for some hybrid or weighted measurement of signal 
strength and RF performance. For ease of discussion, 
a base station in the active set having a signal strength 
and/or RF performance measurement above the asso- 



ciated threshold values in the first set of criteria or 
threshold values is hereinafter referred to as "a first 
threshold base station", whereas a base station in the 
active set not having a signal strength and/or RF per- 
formance measurement above the associated threshold 
values in the first set of threshold values is hereinafter 
referred to as "a non-first threshold base station." Pref- 
erably, the threshold values in the first set correspond 
to a signal strength, an RF performance and/or some 
hybrid thereof which would result in a received signal 
achieving a first level of signal quality at the mobile-sta- 
tion as measured in terms of frame error rate (FER), bit 
error rate (BER), signal error rate (SER), signal to noise/ 
interference ratio, etc. 

[0012] If there is at least one first threshold base sta- 
tion, then the maximum number of base stations that 
can be in the active set is set to one, in step 1 040. That 
is, the active set is reduced to one base station. For ex- 
ample, suppose there are three base stations in the ac- 
tive set and only signal strength measurements are 
used to optimize the active sets. If there is only one first 
threshold base station (or only one signal transmitted 
from a base station in the active set has a signal strength 
measurement at the mobile-station over a first signal 
strength threshold value), then the non-first threshold 
base stations, i.e., other two base stations in the active 
set, are dropped from the active set and only the first 
threshold base station remains in the active set. If there 
are more than one first threshold base station, then one 
first threshold base station is selected to remain in the 
active set and the other first threshold base stations and 
any non-first threshold base stations are dropped from 
the active set. 

[0013] The manner in which a first threshold base sta- 
tion is selected from a plurality of first threshold base 
stations to remain in the active set may depend on a 
variety of factors. For example, the selected first thresh- 
old base station may have a desired first signal quality, 
such as highest signal strength measurement or lowest 
error rate, the selected first threshold base station is the 
first threshold base station to which the mobile-station 
is moving or associated with the cell in which the mobile- 
station is located, etc. 

[0014] If there are no first threshold base stations, 
then it is determined whether any signals transmitted 
from one or more base stations in the active set have 
signal strengths and/or RF performance measured at 
the mobile-station above a second set of criteria or 
threshold values, in step 1050, wherein the second set 
of criteria or threshold values includes a second thresh- 
old value for signal strength, a second threshold value 
for RF performance and/or a second threshold value for 
some hybrid or weighted measurement of signal 
strength and RF performance. For ease of discussion, 
a base station in the active set having a signal strength 
and/or RF performance above the associated threshold 
values in the second set of threshold values (but not 
above the associated threshold values in the first set of 
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threshold values) is hereinafter referred to as "a second 
threshold base station", whereas a base station in the 
active set not having a signal quality measurement 
above the associated threshold values in the second set 
of threshold values (but not above the associated 
threshold values in the first set of threshold values) is 
hereinafter referred to as "a non-second threshold base 
station." Preferably, the threshold values in the second 
set correspond to a signal quality which would result in 
a received signal achieving a second level of quality at 
the mobile-station as measured in terms of FER, BER, 
SER, signal to noise/interference ratio etc., or a combi- 
nation of received signals achieving the first or second 
level of quality at the mobile-station as measured in 
terms of FER, BER, SER, etc. Typically, the threshold 
values in the first set of threshold values would be higher 
than the threshold values in the second set of threshold 
values. 

[0015] If there is at least one second threshold base 
station, then the maximum number of base stations that 
can be in the active set is set to two, in step 1 060. That 
is, two base stations will now be in the active set. If there 
were more than two base stations in the active set prior 
to step 1 050, then all but two of the base stations are 
dropped from the active set. If there were only two base 
stations in the active set prior to step 1 050, then the ac- 
tive set does not change. If there was only one base 
station in the active step prior to step 1 050, then a can- 
didate base station is added to the active set. 
[0016] For example, suppose there are three base 
stations in the active set. If only two of the base stations 
in the active set are second threshold base stations, 
then the non-second threshold base station is dropped 
from the active set and only the two second threshold 
base stations remain in the active set. If only one of the 
base stations in the active set is a second threshold 
base station, then one of the non-second threshold base 
stations is dropped from the active set leaving the other 
non-second threshold base station and the second 
threshold base station in the active set. If all three are 
second threshold base stations, then two second 
threshold base stations are selected to remain in the ac- 
tive set and the other second threshold base station is 
dropped from the active set. The manner in which a non- 
second threshold base station is selected to remain in 
the active set (when there is only one second threshold 
base station) or a second threshold base station is se- 
lected to remain in the active set (when there are more 
than two second threshold base stations) is similar to 
the aforementioned manner in which a first threshold 
base station is selected from a plurality of first threshold 
base stations to remain in the active set. 
[0017] In another example, suppose there is only one 
base station in the active set and such base station is a 
second threshold base station. In such a situation, a 
second base station is added to the active set from a 
candidate set, i.e., candidate base station is added to 
active set, if any. If there are more than one base station 



in the candidate set, then the manner in which a candi- 
date is selected to be added to the active set (when there 
is only a second threshold base station in the active set) 
is similar to the aforementioned manner in which a first 

5 threshold base station is selected from a plurality of first 
threshold base stations to remain in the active set. 
[0018] If there are no second threshold base stations, 
then the maximum number of base stations that can be 
in the active set is set to some number greater than two, 

10 in step 1070. That is, the active set is expanded to in- 
clude three or more base stations. If there are not at 
least three base stations currently in the active set, then 
candidate base stations, if any, may be added to the ac- 
tive set until the active set has reached its maximum ca- 

15 pacity, i.e., maximum number of base stations. If less 
than all the candidate base stations can be added to the 
active set, the manner in which a candidate base station 
is selected to be added to the active set (When the active 
set is not at its maximum capacity) is similarto the afore- 

20 mentioned manner in which a first threshold base station 
is selectedf rom a plurality of firstthreshold base stations 
to remain in the active set. 

[0019] The present invention may be implemented at 
some network entity, such as a base station or mobile 

25 switching center (MSC), or at the mobile-station. In one 
embodiment, the active set is optimized by the primary 
base station. Specifically, the primary base station, MSC 
or other network entity receives signal quality measure- 
ments from the mobile-station (corresponding to signals 

30 transmitted by the primary base station and other base 
stations which were received by the mobile-station) and 
determines which base stations should be in the active 
set based on the received measurements. Upon making 
a determination in accordance with the above described 

35 technique, the primary base station (or a secondary 
base station) transmits an message indicating to the 
mobile-station which base stations should be included 
in the active set. 

[0020] In another embodiment, the mobile-station se- 

40 lects base stations from the active set to which the mo- 
bile-station will be in communication. Specifically, the 
primary base station transmits a message to the mobile- 
station indicating the base stations in the active set. 
Based on signal quality measurements at the mobile- 

45 station of signals transmitted by the base stations in the 
active set (and/or candidate base stations), the mobile- 
station makes a determination in accordance with the 
above described technique as to what base stations in 
the active set the mobile-station will be in communica- 

50 tion. In this embodiment, the active set will be deter- 
mined in accordance with the prior art, and the mobile- 
station will not change what base stations are to be in 
the active set. What will be different is that the mobile- 
station will not necessarily be in communication with 

55 every base station in the active set, as in the prior art. if 
certain thresholds are met. 

[0021] Although the present invention has been de- 
scribed in considerable detail with reference to certain 
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embodiments, other versions are possible. For exam- 
ple, there may be more than two set of threshold values 
for determining-how many base stations to be in the ac- 
tive set. Or two second threshold base stations may be 
required in order to proceed from step 1050 to step 
1060. Therefore, the spirit and scope of the present in- 
vention should not be limited to the description of the 
embodiments contained herein. 



Claims 

1 . A method of optimizing a number of communication 
links used by a mobile-station comprising the steps 
of: 

measuring characteristics for a plurality of com- 
munication links associated with a plurality of 
base stations in communication with the mo- 
bile-station, wherein each of the plurality of 
communication links is a traffic channel; and 
dropping all but one of the plurality of commu- 
nication links if the measured characteristics of 
at least one of the plurality of communication 
link satisfy a first set of criteria, wherein the one 
of the plurality of communication links not 
dropped has measured characteristics which 
satisfy the first set of criteria. 

2. The method of claim 1 , wherein the one of the plu- 
rality of communication links not dropped is select- 
ed based on a relative signal quality compared to 
the plurality of communication links which were 
dropped. 

3. The method of claim 1 , wherein the one of the plu- 
rality of communication links not dropped is select- 
ed based on a relative position compared to the plu- 
rality of communication links which were dropped. 

4. The method of claim 1 , wherein the one of the plu- 
rality of communication links not dropped is select- 
ed based on a relative motion compared to the plu- 
rality of communication links which were dropped. 

5. The method of claim 1 comprising the additional 
step of: 

dropping all but two of the plurality of commu- 
nication links if the measure characteristics of 
at least one of the plurality of communication 
links satisfy a second set of criteria but not the 
first set of criteria. 

6. The method of claim 1 , wherein the characteristics 
being measured include signal quality. 

7. A method of optimizing a number of communication 
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links used by a mobile-station comprising the steps 
of: 

measuring characteristics for a plurality of com- 
5 munication links associated with a plurality of 

base stations in communication with the mo- 
bile-station, wherein each of the plurality of 
communication links is a traffic channel; and 
dropping all but two of the plurality of commu- 
te nication links if the measure characteristics of 
at least one of the plurality of communication 
links satisfy a second set of criteria but not a 
first set of criteria. 

15 8. The method of claim 7, wherein the two of the plu- 
rality of communication links not dropped is select- 
ed based on a relative signal quality compared to 
the plurality of communication links which were 
dropped. 

20 

9. The method of claim 7, wherein the two of the plu- 
rality of communication links not dropped is select- 
ed based on a relative position compared to the plu- 
rality of communication links which were dropped. 

25 

10. The method of claim 7, wherein the two of the plu- 
rality of communication links not dropped is select- 
ed based on a relative motion compared to the plu- 
rality of communication links which were dropped. 

30 

11 . The method of claim 5 or 7, wherein a new commu- 
nication link is established if the plurality of commu- 
nication links does not include at least two commu- 
nication links. 

35 

12. The method of claim 11 , wherein the new commu- 
nication link is associated with a candidate base 
station. 

40 13. The method of claim 1 or 7, comprising the addition- 
al step of: 

not dropping any of the plurality of communica- 
tion links if the measure characteristics of at 
45 least one of the plurality of communication links 

do not satisfy the first set of criteria nor a sec- 
ond set of criteria. 

14. The method of claim 13, wherein new communica- 
50 tion links are established if the plurality of commu- 
nication links does not at least three communication 
links. 

15. The method of claim 14, wherein the new commu- 
55 nication links are associated with candidate base 

stations. 



EP 1 179 961 A1 



5 



t 



EP 1 179 961 A1 



JL 

KEEP ALL 
LINKS - MAX 

# BASE 
STATIONS > 2 



1070 



1000 

s 



FIG. 1 



( SYSTEM OPERATION V 1010 



JL 



1020 



MOBILE STATION MEASURES 
SIGNAL CHARACTERISTICS 
OF CURRENT LINKS 



1030 



MEASURED 
CHARACTERISTICS 
ABOVE A FIRST SET 
OF CRITERIA 



MEASURED" 
CHARACTERISTICS 
.ABOVE A SECOND SET 
OF CRITERIA 



J 



1060 



DROP ALL BUT TWO 
UNKS - MAX § 
BASE STATION = 2 



JL 



1040 



DROP ALL BUT 
ONE LINK - 
MAX § BASE 

STATIONS = 1 



NSDOCID: <EP 1 179961 A1J_> 



6 



EP 1 179 961 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 30 1200 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, wheie appropriate. 
of njevanj passages 



Relevant 
io daim 



CLASSIFICATION OF THE 
APPLICATION (lnt.a.7) 



WO 97 08911 A (HAEMAELAEINEN SEPP0 ;N0KIA 
TELECOMMUNICATIONS OY (FI); HAEKKINEN H) 
6 March 1997 (1997-03-06) 

* page 6 r line 16-25 * 

* page 7, line 26 - page 8, line 10 * 

W0 96 08119 A (ANDERSSON T0RBJ0ERN .WALTER 
PATRIK (SE); TELIA AB (SE)) 
14 March 1996 (1996-03>14) 

* page 3, line 30 - page A y line 17 * 



US 4 783 780 A (ALEXIS ROGER P 
8 November 1988 (1988-11-08) 
* column 5, lire 49-66 * 



J) 



1,2,5-8 
13 



1,2,5-8 
11-15 



1,2 : 6 
5,7,8 



H04Q7/38 



TECHNICAL FIELDS 
SEARCHED (lnt.Cl.7) 



H04Q 



The present search leporl has been drawn up for ail claims 



Ptoco erf aeoich 

THE HAGUE 



Date o* oomptoriom of the sceroti 

6 July 2001 



Examine i 

Weinmiller, J 



CATEGORY OF CITED DOCUMENTS 

X : parftnularty roJevani rf taken aljne 

Y : particutarty relevant it comolned wtm another 

document of the same category 
A : technology cat baekgrounc 
D . non-wTfttan disclosure 
P : Intermedlste document 



T : theory or principle UDderiymg the invention 
E : earl er patent document, but p»jbfished on. or 

alter the ftmg dale 
D . a oc j men cited :n trie app Beaton 
L : document cHed tor other reasons 



: member ci me same patenj tarviy, ccrresponeing 
document 



RN5VXDCID: <EP 1 179961 At J^> 



7 



* 



EP 1 179 961 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 30 1200 



This annex lists the patent tamWy members rotating to the patent documents cited In the above-mentioned European search report 
The members are as contained In the European Patent Office EDP tile on 

The European Patent Office is In no way liable tor these particulars which are merajy given toi the purpose of information 

06-07-2001 



Patent document 
cited in search report 



Publication 





Patent family 




Publication 




member(s) 




date 


AU 


712159 


B 


28-10-1999 


AU 


3260595 


A 


19-03-1997 


EP 


0872141 


A 


21-10-1998 


JP 


11511601 


r 


05-10-1999 


NO 


980874 


A 


27-04-1998 


US 


6198928 


B 


06-03-2001 


SE 


505006 


C 


09-06-1997 


EP 


0777951 


A 


11-06-1997 


SE 


9402886 


A 


01-03-1996 


FR 


2584884 


A 


16-01-1987 


AU 


588895 


B 


28-09-1989 


AU 


5979586 


A 


15-01-1987 


CA 


1261003 


A 


26-09-1989 


DE- 


3670938 


D 


07-06-1990 


EP 


0209185 


A 


21-01-1987 


JP 


2572377 


B 


16-01-1997 


JP 


62015941 


A 


24-01-1987 



WO 9708911 



06-03-1997 



WO 9608119 



14-03-1996 



US 4783780 A 08-11-1988 



i:i For more details about this annex : see Official Journal of the European Patent Office, No 12/82 



BNSDOCID- <EP 1179961A1_I_> 



